Introduction
============

Osteosarcoma (OS) is a primary highly malignant tumor of the bone, which has a high incidence and mortality in children and adolescents aged 10--25 years ([@b1-ol-0-0-9032]). Moreover, OS accounts for approximately 5% of pediatric malignancies which seriously threatens the health of children ([@b2-ol-0-0-9032]). OS has high destructive and metastatic potential, which could occur in lung metastasis within a few months. Despite the improvement of the diagnosis and therapy, the 5-year survival rate of OS still remains poor, only 5--20% after amputation ([@b3-ol-0-0-9032]). Thus, it is urgent for us to further analyze and clarify the molecular mechanisms for tumorigenesis of OS.

A number of microRNAs (miRNAs) have been reported to regulate the development and malignant progression of OS functioning as oncogenes or tumor suppressors ([@b4-ol-0-0-9032],[@b5-ol-0-0-9032]). miRNAs mainly inhibit the transcription of mRNA or protein of relative genes by binding to the 3′-UTR of target genes ([@b6-ol-0-0-9032]). Especially, miR-18a was found to regulate various human cancers, such as gastric cancer ([@b7-ol-0-0-9032]), nasopharyngeal carcinoma ([@b8-ol-0-0-9032]), colorectal cancer ([@b9-ol-0-0-9032]) and glioblastoma ([@b10-ol-0-0-9032]). It indicated that miR-18a might be involved in the occurrence and development of human cancers. Moreover, the function of miR-18a was different in different cancers. For instance, miR-18a was reported to suppress cell proliferation in bladder cancer ([@b11-ol-0-0-9032]). However, Song *et al* reported that miR-18a promoted proliferation, migration and invasion of human glioblastoma cells by targeting neogenin ([@b10-ol-0-0-9032]). The contradictory functions of miR-18a were of interest to us as well as the molecular mechanisms of miR-18a in OS.

As a member of interferon regulatory factor (IRF) family, IRF2 has been found to participate in tumorigenesis of human cancers through modulating cell physiological activity ([@b12-ol-0-0-9032]). Moreover, IRF2 has been reported to act as a functional regulator in the progression of human cancers ([@b13-ol-0-0-9032],[@b14-ol-0-0-9032]). Abnormal expression of IRF2 also has been demonstrated to associate with cell invasion and tumor growth ([@b15-ol-0-0-9032]). In addition, overexpression of IRF2 was found to inhibit proliferation ([@b16-ol-0-0-9032]) and promote apoptosis ([@b17-ol-0-0-9032]) in hepatocellular carcinoma. Besides, the specific function of IRF2 was also identified in pancreatic and breast cancer through regulating cell physiological activity ([@b18-ol-0-0-9032]). However, the exact molecular mechanisms of IRF2 still remain unclear in OS and need to be further investigated.

In the present study, the alteration of the microRNA-18a-5p (miR-18a-5p) expression was investigated in OS for the first time. Simultaneously, we explored the effect of miR-18a-5p on the migration and invasion of OS cells. The relationship between miR-18a-5p and IRF2 was analyzed as well. We aimed to provide novel ways for the diagnosis and treatment of OS.

Materials and methods
=====================

### Cell culture

The MG-63, Saos-2 OS cell lines and human fetal osteoblastic cell line hFOB1.19 were acquired from the American Type Culture Collection (ATCC, Manassas, VA, USA). Then these cells were cultured in DMEM (Dulbecco\'s modified Eagle\'s medium) added with 10% fetal bovine serum (FBS). The cells were incubated in a humidified cell incubator at 37°C with 5% CO~2~.

### Tissue samples

Forty-three human OS samples were obtained from the Department of Joint Surgery, Xi\'an Honghui Hospital, Xi\'an Jiaotong University Health Science Center (Xi\'an, China). Signed informed consents were obtained from the patients or guardians. Then the samples were quickly frozen in liquid nitrogen and stored at −80°C for further experiments. This study was approved by the Research Ethics Committee of the Department of Joint Surgery, Xi\'an Honghui Hospital, Xi\'an Jiaotong University Health Science Center.

### Transfection

The miR-18a mimics and inhibitors or miR-NC were purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou, China) with the sequences as follows: mimic-sense strand, 5′-UAAGGUGCAUCUAGUGCAGAUAG-3′; mimic-antisense strand, 5′-CUAUCUGCACUAGAUGCACCUUA-3′; inhibitor strand, 5′-CUAUCUGCACUAGAUGCACCUUA-3′; and the NC is a scrambled oligonucleotide: 5′-UUCUCCGAACGUGUCACGUTT-3′. Then miR-18a-5p mimics, miR-18a-5p inhibitor or IRF2 siRNA (si-IRF2) were briefly transfected into MG-63 cells using Invitrogen™ Lipofectamine 2000 (Invitrogen: Thermo Fisher Scientific, Inc., Waltham, MA, USA). After 24--48 h, these cells were applied to the following experiments.

### RNA extraction and reverse transcription-quantitative PCR (RT-qPCR)

TRIzol reagent (Invitrogen: Thermo Fisher Scientific, Inc.) was applied to extract total RNA, containing miRNA from OS tissue and cell lines. To obtain the cDNA templates, 1 µg total RNA of each sample was used for reverse transcription using a miScript Reverse Transcription kit (Qiagen GmbH; Hilden, Germany). This reaction was performed at 37°C for 60 min, then 95°C for 5 min. Quantitative PCR was conducted through the SYBR-Green assay (Invitrogen: Thermo Fisher Scientific, Inc.) using the ABI PRISM 7500 DNA Sequence Detection System (Applied Biosystems: Thermo Fisher Scientific, Inc.). U6 or GAPDH was used as a control of miR-18a-5p or IRF2. The miR-18a-5p and IRF2 expression levels were analyzed using the 2^−ΔΔCq^ method ([@b19-ol-0-0-9032]).

### Cell migration and invasion assay

Transwell chamber (Costar™; Corning, Inc., Corning, NY, USA) was used to measure cell migration and invasion. In migration test, 5×10^4^ cells were placed in the upper chamber with non-coated membrane to detect the ability of cell migration. Then the upper surface with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) was used to measure the ability of cell invasion. The lower chamber was filled with 10% FBS. The cells were incubated for 48 h. Finally, the cells were stained with crystal violet staining solution (Beyotime Institute of Biotechnology, Nantong, China).

### Luciferase reporter assay

The 293T cell line obtained from ATCC was used to perform luciferase reporter assay. Then the IRF2-wild and -mut were inserted into the pGL3 promoter vector (GenScript Co., Ltd., Nanjing, China) which was transfected into 293T cells using Lipofectamine 2000 (Invitrogen: Thermo Fisher Scientific, Inc.) along with miR-18-5p mimics or miR-NC. After that, cells were seeded in a 96-well plate for 24 h, and luciferase reporter assay kit (Promega Corp., Madison, WI, USA) was applied to perform luciferase assays.

### Western blotting

The protein samples were obtained using RIPA buffer. Proteins were separated through SDS-PAGE and incubated with 5% blocking reagent in nitrocellulose membranes at room temperature. Next we incubated the membranes overnight at 4°C with rabbit polyclonal anti-IRF2 antibody (dilution, 1:1,000; cat. no. ab86018; Abcam, Shanghai, China) and rabbit polyclonal anti-GAPDH antibody (dilution, 1:1,000; cat. no. ab70699; Abcam). Then, the membranes were washed 3 times and incubated with goat anti-rabbit IgG-H&L secondary antibody (1:1,000; cat. no. ab150077; Abcam) for 1 h at room temperature. Protein expression levels were measured by Image Lab software (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

### Statistical analysis

Statistical analysis was carried out with SPSS 18.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad Prism 6.0. The results are presented as mean ± standard deviation (SD). The difference was analyzed using Student\'s t-test or one-way ANOVA with Tukey\'s post hoc test. Differences were considered significant at P\<0.05.

Results
=======

### miR-18a-5p expression is increased in OS tissues and cell lines

Firstly, the expression levels of miR-18a-5p were detected to investigate its alteration in OS. The results showed that miR-18a-5p was significantly upregulated in OS tissues compared with the adjacent normal tissues detected by RT-qPCR experiment ([Fig. 1A](#f1-ol-0-0-9032){ref-type="fig"}). Moreover, we also found that the expression level of miR-18a-5p at T3-T4 stage of OS was higher than that of T1-T2 stage ([Fig. 1B](#f1-ol-0-0-9032){ref-type="fig"}). It indicated that the abnormal expression of miR-18a-5p might relate to the tumor stage of OS. Similarly, upregulation of miR-18a-5p was also identified in MG-63 and Saos-2 cells compared with the normal human osteoblast hFOB1.19 cells ([Fig. 1C](#f1-ol-0-0-9032){ref-type="fig"}). Then MG-63 cell line was selected to perform further experiment because of its significant difference in the expression of miR-18a-5p. Taken together, high expression of miR-18a-5p was upregulated and might be involved in the pathogenesis of OS.

### Cell migration and invasion are promoted by miR-18a-5p in OS

Subsequently, we explored the effect of miR-18a-5p on cell migration and invasion in OS. First, miR-18a-5p mimic or inhibitor was transfected into MG-63 cells. The transfection efficiency was verified by RT-qPCR as shown in [Fig. 2A](#f2-ol-0-0-9032){ref-type="fig"}. Then Transwell assay indicated that cell migration was markedly promoted by the overexpression of miR-18a-5p and inhibited by knockdown of miR-18a-5p compared with the control group in MG-63 cells ([Fig. 2B](#f2-ol-0-0-9032){ref-type="fig"}). Similarly, miR-18a-5p mimics were also found to promote cell invasion and miR-18a-5p inhibitor inhibited cell invasion ([Fig. 2C](#f2-ol-0-0-9032){ref-type="fig"}). Hence, we considered that overexpression of miR-18a-5p promoted cell migration and invasion in OS.

### miR-18a-5p directly targets IRF2

The potential target genes of miR-18a-5p were searched through the database of TargetScan ([www.targetscan.org](www.targetscan.org)). Remarkably, miR-18a-5p was predicted to bind with 3′-UTR region of IRF2 ([Fig. 3A](#f3-ol-0-0-9032){ref-type="fig"}). To confirm the above prediction, luciferase reporter assays were performed in 293T cells. The results indicated that miR-18a-5p mimic decreased the firefly luciferase reporter activity of wild-type IRF2, but this inhibition of luciferase reporter activity was not found in cells with mutated-type IRF2 ([Fig. 3B](#f3-ol-0-0-9032){ref-type="fig"}). Moreover, we also found a negative correlation between miR-18a-5p and IRF2 in OS tissues (P=0.0434, R^2^=0.1272, [Fig. 3C](#f3-ol-0-0-9032){ref-type="fig"}). In addition, the results of RT-qPCR and western blotting indicated that the mRNA and protein expression levels of IRF2 were markedly decreased in MG-63 cells with miR-18a-5p mimics and increased in MG-63 cells with miR-18a-5p inhibitor compared to the control group ([Fig. 3D and E](#f3-ol-0-0-9032){ref-type="fig"}). These results indicated that IRF2 was a direct target gene of miR-18a-5p, which had negative association with IRF2 expression in OS.

### Overexpression of IRF2 counteracts the promoted effect of miR-18a-5p in OS

Furthermore, we detected the mRNA expression level of IRF2 in MG-63, Saos-2 cells and human fetal osteoblastic cell line hFOB1.19. These two cell lines had significantly low expression of IRF2 compared with hFOB1.19 cell line ([Fig. 4A](#f4-ol-0-0-9032){ref-type="fig"}). Then the transfection efficiency was verified in MG-63 cells with IRF2 siRNA as shown in [Fig. 4B](#f4-ol-0-0-9032){ref-type="fig"}. Furthermore, the cell migration and invasion assay in MG-63 cells with IRF2 siRNA were performed to explore the role of IRF2 in OS. Moreover, Transwell assay suggested that IRF2 siRNA obviously promoted the migration and invasion of MG-63 cells ([Fig. 4C and D](#f4-ol-0-0-9032){ref-type="fig"}). Besides, the IRF2 plasmid and miR-18a-5p mimics were co-transfected into MG-63 cells to further confirm the biological interrelationship of miR-18a-5p and IRF2 in OS. Then the expression of IRF2 was examined in MG-63 cells with miR-18a-5p and IRF2. We found that mRNA and protein expression levels of IRF2 were decreased by miR-18a mimics while there was little change in cells with IRF2 plasmid and miR-18a-5p mimics ([Fig. 5A and B](#f5-ol-0-0-9032){ref-type="fig"}). Next, the cell migration and invasion were also analyzed in these transfected cells. Transwell assay showed that overexpression of IRF2 partially attenuated miR-18a-mediated promotion on cell migration and invasion ([Fig. 5C and D](#f5-ol-0-0-9032){ref-type="fig"}). Taken together, IRF2 acted as a tumor suppressor in OS and miR-18a-5p might promote cell invasion and migration by directly targeting IRF2 in OS.

Discussion
==========

Increasing number of studies proposed that miRNAs have great effect on the pathological mechanisms and development of human cancers. In this study, miR-18a-5p was found to be upregulated and to act as a tumor promoter in OS. Moreover, miR-18a-5p was identified as a member of miR-17-92 cluster including miR-17/miR-20, miR-19a/miR-19b, miR-92a and miR-18a ([@b20-ol-0-0-9032]), and miR-17-92 cluster was identified to be overexpressed and had an oncogenic effect in colorectal cancer, anaplastic thyroid cancer and renal cell carcinoma which was consistent with our findings on miR-18a-5p in OS ([@b21-ol-0-0-9032]--[@b24-ol-0-0-9032]). Furthermore, miR-18a-5p was found to directly target IRF2 in OS in this study. Moreover, miR-18a was reported to target IRF2 in gastric cancer ([@b25-ol-0-0-9032]) and lung cancer ([@b13-ol-0-0-9032]) which was similar to our result. In addition, Liu *et al* demonstrated that IRF2 suppressed the progression of lung cancer ([@b26-ol-0-0-9032]). We found the inhibitory effect of IRF2 on cell migration and invasion in OS.

Importantly, previous studies reported that the function of miRNAs was different in OS. Some miRNAs were found to function as oncogenes, while others acted as tumor suppressors. For instance, miR-126 was found to inhibit proliferation, migration, invasion and EMT in OS by targeting ZEB1 ([@b27-ol-0-0-9032]). miR-203 inhibited proliferation and promoted apoptosis of OS cells ([@b28-ol-0-0-9032]). Besides, miR-93 was upregulated and acted as oncogene in OS cells ([@b29-ol-0-0-9032]). In the present study, miR-18a-5p was also identified to be upregulated and to act as oncogene in OS cells. Moreover, we also identified that miR-18a-5p was associated with the pathological stage of OS.

As a direct target of miR-18a-5p, IRF2 is a DNA-binding protein belonging to IRFs family ([@b30-ol-0-0-9032]). The functions of IRF2 may be complex and remain obscure in human cancers. Previous studies demonstrated that IRF2 inhibited gene transcription induced by interferon, while other reports found that it had transcriptional activation function ([@b14-ol-0-0-9032],[@b31-ol-0-0-9032]--[@b33-ol-0-0-9032]). We confirmed the role of IRF2 in OS. In this study, we found that IRF2 functioned as a tumor suppressor by inhibiting the migration and invasion of OS cells. Overexpression of IRF2 could counteract the promoted effect of miR-18a-5p in OS. Therefore, we considered that miR-18a-5p promoted cell invasion and migration in OS by directly targeting IRF2.

In conclusion, miR-18a-5p was upregulated in OS tissues and cell lines, and miR-18a-5p promoted cell migration and invasion in OS by inhibiting IRF2 expression. Ultimately, miR-18a-5p may become a potential therapeutic target in OS.
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![miR-18a-5p expression was increased in osteosarcoma tissues and cell lines. (A) The miR-18a-5p expression was upregulated in osteosarcoma tissues. (B) The expression of miR-18a-5p was related to the tumor pathological stage of osteosarcoma. (C) The miR-18a-5p expression was increased in MG-63 and Saos-2 cells compared with normal osteosarcoma cells (hFOB1.19). \*\*P\<0.01. miR-18a-5p, microRNA-18a-5p.](ol-16-03-3150-g00){#f1-ol-0-0-9032}

![Overexpression of miR-18a-5p promotes cell migration and invasion in OS. (A) MG-63 cells were transfected with miR-18a-5p mimic or inhibitor, and then miR-18a-5p expression was measured via RT-qPCR. (B and C) The cell migration and invasion were detected in MG-63 cells with miR-18a-5p mimic or inhibitor. \*P\<0.05; \*\*P\<0.01. miR-18a-5p, microRNA-18a-5p; OS, osteosarcoma; NC, normal control without miR-18a-5p mimic or inhibitor.](ol-16-03-3150-g01){#f2-ol-0-0-9032}

![miR-18a-5p directly targets IRF2 in OS. (A) The binding sites of miR-18a-5p and the wild-type of IRF2. (B) Luciferase reporter assay. (C) Pearson\'s correlation coefficient between miR-18a-5p and IRF2 in OS tissues. (D) The mRNA expression of IRF2 was analyzed in cells transfected with miR-18a-5p mimic or inhibitor. (E) The protein expression of IRF2 was analyzed in cells transfected with miR-18a-5p mimic or inhibitor (there was a break in the gel due to the use of separate membranes). \*P\<0.05, \*\*P\<0.01. miR-18a-5p, microRNA-18a-5p; IRF2, interferon regulatory factor 2; OS, osteosarcoma; NC, normal control without miR-18a-5p mimic or inhibitor.](ol-16-03-3150-g02){#f3-ol-0-0-9032}

![Knockout of IRF2 promotes cell migration and invasion in OS. (A) IRF2 expression was decreased in MG-63 and Saos-2 cells compared with normal OS cells (hFOB1.19). (B) IRF2 expression was examined through RT-qPCR in MG-63 cells transfected with si-IRF2. (C and D) Cell migration and invasion were detected in MG-63 cells with si-IRF2. \*\*P\<0.01. IRF2, interferon regulatory factor 2; OS, osteosarcoma; si-IRF2, IRF2 siRNA; NC, normal control without si-IRF2.](ol-16-03-3150-g03){#f4-ol-0-0-9032}

![Overexpression of IRF2 counteracts the promoted effect of miR-18a-5p in OS. (A and B) The mRNA and protein expression of IRF2 were analyzed in cells transfected with IRF2 plasmid and miR-18a-5p mimics. (C and D) Cell migration and invasion were detected in MG-63 cells with IRF2 plasmid and miR-18a-5p mimics. \*\*P\<0.01. IRF2, interferon regulatory factor 2; miR-18a-5p, microRNA-18a-5p; OS, osteosarcoma; NC, normal control without IRF2 plasmid and miR-18a-5p mimics.](ol-16-03-3150-g04){#f5-ol-0-0-9032}
